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Abstract 
A revolutionary concept in the elaboration of a risk map in municipal sewerage systems is presented, based on a coherent and 
fully functional model of the sewerage network (Ciutac, 2011). 
The starting point is a frequent situation, when at the entrance of the wastewater treatment plant; a sudden increase of a 
pollutant concentration is recorded. In this case, there was a clear spillover in one of the intakes of the network. The pollutant 
can damage the wastewater treatment plant or can be out of the plant’s processing capacity. Under those circumstances,  a 
“detective” activity has to be performed in order to discover the injection point where the spillover has taken place, as the 
source of pollution. 
The paper presents a methodology and an algorithm which will allow the establishment of the most likely area where such 
intake points can be located, based on the measured values at the intake of the wastewater treatment plant and on the model of 
the sewerage network. The algorithm has the advantage that it can be easily used in conjunction with any sewerage networks 
modeling software package. 
© 2013 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Wastewater treatment plants are one of the most influential and in the meantime complicated infrastructures in 
the Municipal environment. Important due to the fact that waste and wastewater are two components of daily life 
significantly contributing to pollution. Complicated due to the fact that they have to clean a highly diluted 
* Corresponding author. Tel.: +4-021-243-3660; fax: +4-021-243-3660. 
E-mail address: anton@utcb.ro 
 3 he Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license. 
l ti n and peer-review unde  responsib lity of the CWI2013 Co mittee
62   A. Anton et al. /  Procedia Engineering  70 ( 2014 )  61 – 66 
wastewater, the process being more complicated than gold extraction from poor ores. The extraction process is 
specialized, and any change in parameters, for example, an introduction of a pollutant (hydrocarbons) clogs the 
wastewater treatment plant and determines the operator to make any possible effort to prevent any pollutant 
spillover. 
The new approach allows the wastewater treatment plant operator to reduce its investigation area in case of an 
accidental or intended pollutant introduction in the sewerage system and to determine the most probable area where 
the accident occurred, thus reducing the risk for future similar events. 
Almost all urban sewerage transportation systems have or will have in the near future a computer model based 
on one of the available commercial software packages. Used for extreme weather conditions simulations the 
modeling software is able to simulate also the normal flow conditions in the sewers. 
The model is calibrated using measurements and also simulations of the water distribution flows, based on 
standard flow patterns. The simulation data offers levels and flows in every knot of the system. In the mean time,  
the simulation software can also provide an estimate of the concentration of pollutants if the pollutants 
characteristics are known and can be described using simple dilution/dispersion equations. 
We can then evaluate, for a municipal network, a set of data, level, flow and pollutant concentration, for a 
desired time interval and a known point of injection and pollutant quantity. 
That information is not particularly useful because the type and quantities of pollutant are numerous and the 
number of points of potential injection is very high, equal to the number of knots in the network model. 
The problem occurs when the operator of the wastewater treatment plant senses a pollutant starting to reach his 
premises, a pollutant that can not be neutralised by the process and more than that, will clog the equipment like, for 
example, oil, gasoline or diesel fuel. Of course for this situation there is a scenario to be activated when the 
pollutant presence was sensed but that is only a reaction to the event and nothing proactive can be done. 
The present paper is trying to reduce the investigation area in a situation like that and to provide a proactive 
method of prevention. More than that, a new type of risk map will be introduced. 
2. The algorithm 
The main idea of the proposed algorithm is that the sewers network model is available, and simulations can be 
performed for the identified pollutant under conditions almost identical to the conditions when the pollutant has 
been injected in the network. That means that a continuous simulation and inter calibration is performed by the 
group responsible with the use of the modeling software.  
The proposed algorithm is applied for the following situation:  pollution has been reported and the pollutant is 
identified. At the entrance of the wastewater treatment plant,  the pollutant concentration is continuous recorded. 
The maximum concentration is recorded and the time is than known. Under those circumstances, a simulation of 
the propagation of the pollutant can be performed. 
The idea of the algorithm is based on back-tracking in the data base of the modelisation. Starting at the entrance 
of the wastewater treatment plant and based on time and maximum concentration values, the amount of pollutant 
injected in the system can be estimated. Having the amount, in the hydraulic model of the sewers network, we will 
introduce this amount in a point and calculate the time and concentration along the network. 
The next step is to simulate the pollutant injection step by step in each knot. All the results are grouped based on 
the concentration values and times at the intake of the wastewater treatment plant. Only some of the calculations 
will fit with the measured values and those calculations will correspond to specific intakes or intake areas. 
Those are the areas to be monitored in the future. 
More than that, for a specific pollutant and a fixed quantity, a risk map can be drawn showing the areas 
corresponding to certain concentrations measured at the detection point. 
3. The proof of concept 
For the proof of concept, a symmetrical network has been used. The software used was SWMM – Storm Water 
Model Management (Metcalf and Eddy, 1971; Rossman, 2007; Rossman, 2010). The network is symmetrical, 
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having 3 branches, 13 knots each pipe is circular, 500 mm diameter, 500m long, 1% slope and a constant flow of   
1 l/s are introduced in each knot (1 to 12). 
 
Fig.1. The test network and pollutant introduction in point 1 
The pollutant introduction has been simulated through a standard rain on a designated surface (in knot 1 in 
Fig.1).  The designated surface, adjacent to a knot, is of 100 m2, the rain is of 0.6 l/s, it’s duration is of 5 min, and 
it’s pollutant concentration is of 200 mg/l. 
The resulting concentration diagrams on conduits and knots are presented in Figs 2 and 3. 
 
 
Fig 2. Concentration of pollutant in knots 
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Fig 3. Concentration of pollutant in branches 
 
Calculations have been done simulating identical injections in every knot of the network and the results 
analyzed based on maximum concentration of the pollutant in knot 13. Associating to the inlet knot the value of the 
maximum concentration at the outlet (13) of the network, a correlation map (Fig 4) can be drawn. The 
concentration depends on the position of the inlet knots and thus for the simple network, a map can be drawn 
showing the areas corresponding to certain concentration intervals. 
 
 
Fig 4. Correlation map of inlet areas versus maximum concentrations 
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The concept has been proven, a correlation between the maximum measured concentration and inlet points has 
been established, and as a consequence, a most probable map can be drawn for an urban area. 
4. The case study 
As an example,   we used a small Romanian town, Huşi, (map in Fig. 5) of 25.000 inhabitants and the actual 
schematized sewers network. Following the described algorithm, a correlation map has been derived. The 
calculations have been performed for the existing model of the network considering a certain distribution of flows 
(constant) and simulating sequences of pollutant spillover in every knot of the network.  
 
 
Fig 5. Google Map of Huşi 
 
The correlation map, drawn using the proposed algorithm and defined as the RISK MAP is simply correlating 
the maximum concentration measured at the intake of the wastewater treatment plant (SPAU) and the possible 
injection points. 
The map in Fig 6 is allowing a rapid determination of the injection area for a specific pollutant and is 
significantly reducing the investigation area. More than that according to the actual configuration of the network, 
the investigation area can be reduced even more analyzing the positions of the knots whether they are in public 
areas with traffic or quiet zones, more suited for a deliberate pollutant spillover. 
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Fig 6. Risk map for Huşi sewers 
5. Conclusions 
The main idea of the present paper is the adaptation of sequential introduction of a limited amount of pollutant 
and the computation of the time interval in which the pollutant reaches the wastewater treatment plant intake along 
with the concentration at this final point (Cioc and Anton, 2001). 
The computed data is then consolidated on a map presenting the most probable regions of introduction for a 
certain measured concentration (Durrans et al., 2003) called RISK MAP. 
The new approach allows the wastewater treatment plant operator to diminish its research area in case of a 
pollutant introduction in the sewerage system and to determine the most probable area where the accident occurred, 
reducing the risk for future similar events. 
As for the software, any simulation software for sewer system can be used, and the current algorithm can be 
easily adapted. For the proof of concept,  we have used an extremely simple approach, constant flow and clear 
volume. In reality, the actual conditions have to be tracked back to the time of introduction through the data base of 
the operator. 
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